Abstract -The chiral dirhodium(II) carboxylate-catalyzed enantioselective intramolecular C-H amidation reaction of sulfamate esters via in situ generated iminoiodinanes is described. Consequently, a great deal of effort has been directed toward the development of an enantioselective version of these catalytic processes. Che and co-workers demonstrated the first successful examples of † Dedicated to Professor Satoshi Ōmura on the occasion of his 70th birthday.
Rh 2 (S-TCPTTL) 4 (1a) , characterized by the substitution of chlorine atoms for four hydrogen atoms on the phthalimido group in the parent dirhodium(II) complex, Rh 2 (S-PTTL) 4 (1c) , 11, 12 proved to be the catalyst of choice in terms of product yield and enantioselectivity as well as catalyst activity. As a logical extension of our studies, we now address the issue of enantiocontrol in the intramolecular C-H amidation of sulfamate esters. In an extension of our previous work, we initially explored the C-H amidation of indan-2-yl sulfamate (5a) using 2 mol % of Rh 2 (S-TCPTTL) 4 (1a) , in the presence of 1.1 equiv. of PhI(OAc) 2 and 2.3 equiv. of
MgO. The reaction in dichloromethane at 23 °C proceeded smoothly to give the cyclic sulfamidate (6a),
[α] D 25 +31.3° (c 0.87, THF), in 81% yield with complete cis selectivity ( (1g) and Rh 2 (R-NTV) 4 (1h). It is noteworthy that the isolated yield (98%) obtained using Rh 2 (S-TFPTTL) 4 is the highest ever reported for the intramolecular C-H amidation of 5a. In this respect, it is interesting to note that the reaction with Rh 2 (S-TFPTTL) 4 in the absence of MgO as an AcOH scavenger gave nearly the same result as that in the presence of MgO (Entry 4 vs. 9), which is in marked 09 (45) e) contrast with the results for Rh 2 (S-PTTL) 4 (Entry 5 vs. 10). These results demonstrate the robust nature and high reactivity of Rh 2 (S-TFPTTL) 4 .
We then investigated the applicability of the present catalytic system to sulfamate esters other than 5a.
Some representative results are presented in Table 2 . To our disappointment, the method was found to be highly sensitive to the structure of the substrate. The reaction of cyclopentyl sulfamate ester (5b) under the influence of Rh 2 (S-TFPTTL) 4 or Rh 2 (S-PTTL) 4 gave the cyclic sulfamidate (6b) in low yields with complete cis selectivity, wherein ee values were significantly lower than those in the case of 5a (Entries 1 and 2). These results strongly suggest that the presence of a phenyl ring is required for both product yield and enantioselectivity in the five-membered ring insertion process. It was also found that the formation of the six-membered cyclic sulfamidate (6c), the preferred pathway in the C-H amidation of acyclic, conformationally mobile sulfamate esters, resulted in disappointing enantioselectivities (Entries 3 and 4).
In this reaction, Rh 2 (S-PTTL) 4 exhibited a higher enantioselectivity than Rh 2 (S-TFPTTL) 4 . The intramolecular insertion of aromatic sulfamate ester (5d) into a benzylic C-H bond provided the tricyclic sulfamidate (6d) in low to moderate yields with ca. 60% substrate conversion and only a poor enantioselectivity (Entries 5 and 6).
In summary, we have reported one-pot enantioselective C-H amidation of sulfamate esters with the use of chiral dirhodium(II) carboxylate catalysts and PhI(OAc) 2 as an oxidant. Rh 2 (S-TFPTTL) 4 is the most effective catalyst for this process (up to 48% ee). In contrast to the enantioselective intermolecular amidation of benzylic C-H bonds, there is considerable room for improvement in the intramolecular amidation of sulfamate esters catalyzed by chiral dirhodium(II) complexes. The design and synthesis of a new class of chiral bridging ligands to further enhance enantioselectivity is currently in progress.
EXPERIMENTAL
General. Melting points were determined on a Büchi 535 digital melting point apparatus and are uncorrected. IR spectra were recorded on a JASCO FT/IR-5300 spectrometer and absorbance bands are reported in wavenumber (cm Retention times (t R ) and peak ratio were determined with Shimadzu C-R8A chromatopac integrator or JASCO-Borwin analysis system.
All non-aqueous reactions were carried out in flame-dried glassware under argon atmosphere. Reagents and solvents were purified by standard means. Dehydrated THF, CH 2 Cl 2 and toluene were purchased from Kanto Chemical Co., Inc. Benzene was distilled from Na/benzophenone ketyl. Sulfamoyl chloride was prepared according to the procedure of Appel and Berger.
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General procedure for sulfamate ester preparation: indan-2-yl sulfamate (5a). 3b,9b The sulfamate ester (5a) was prepared according to the procedure of Okada. 18 Sulfamoyl chloride (2.25 g, 15.0 mmol, 1.5 equiv) was added to a solution of 2-indanol (1.3 g, 10 mmol) in N,N-dimethylacetamide (40 mL, 0.25 M) at 0 °C. The mixture was stirred at 23 °C for 1 h and poured into cold brine (100 mL). The whole mixture was extracted with EtOAc (2 × 100 mL), and the combined organic layers were washed with H 2 O (50 mL) and brine (2 × 50 mL), and dried over Na 2 SO 4 . Filtration and evaporation gave the crude product (2.4 g), which was purified by column chromatography (silica gel, 2:1 hexane/EtOAc) followed by recrystallization from benzene to provide 5a (1.8 g, 84%) as colorless needles; R f = 0.54 (5: Cyclopentyl sulfamate (5b). 19 The sulfamate ester (5b) was prepared according to the general procedure, using cyclopentanol (861.4 mg, 10 mmol) and sulfamoyl chloride (4.50 g, 30 mmol). The crude product (1.9 g) was purified by column chromatography (3:1 hexane/EtOAc) followed by recrystallization from 
3-Phenylpropyl sulfamate (5c).
3b According to the general procedure, 5c was prepared from 3-phenylpropanol (1 g, 7.3 mmol) and sulfamoyl chloride (1.64 g, 11 mmol). The crude product (1.5 g) was purified by column chromatography (silica gel, 3:1 hexane/EtOAc) followed by recrystallization (6a) was prepared according to the procedure of Harwood. 13 To a solution of (1R,2S)-1-amino-2-indanol (>99% ee, purchased from Aldrich, 100 mg, 0.67 mmol) and Et 3 N (102 mg, 1.0 mmol) in CH 2 Cl 2 (3 mL) was added SO 2 Cl 2 (136 mg, 1.0 mmol) at 0 °C. After stirring at this temperature for 1 h, the reaction mixture was poured into cold water (10 mL), and the whole was extracted with EtOAc (3 × 10 mL). The combined organic layers were washed with saturated NaHCO 3 solution (10 mL), water (10 mL) and brine (2 × 10 mL), and dried over Na 2 SO 4 . Filtration and evaporation gave the crude product (118.7 mg), which was purified by column chromatography (silica gel, 3:1 hexane/EtOAc) followed by recrystallizations from
PrOH/hexane to furnish (3aR,8aS)-6a (94.5 mg, 67%) as colorless needles; mp 187-188 °C (dec);
[α] D 24 +141.2° (c 0.82, THF) for >99% ee of (3aR,8aS)-6a; Anal. Calcd for C 9 H 9 NO 3 S: C, 51. 17; H, 4.29; N, 6.63; S, 15.18. Found: C, 51.15; H, 4.33; N, 6.53; S, 15.29 . The enantiomeric excess was determined to be >99% by HPLC.
Tetrahydro-3(3aH)-cyclopent-1,2,3-oxathiazole (6b). According to the general procedure for C-H amidation, 6b was prepared from 5b (33.0 mg, 0.20 mmol), PhI (OAc) 
